During quantitative and qualitative studies of the bacterial flora of subgingival samples from persons with periodontitis, we isolated numerous strains of motile anaerobic gramnegative rods that produced a major amount of propionic acid and did not have characteristics conforming to those of strains of described species of Selenomonas, Centipeda, or Pectinatus. In this report, we present the characteristics of five groups of strains and an appropriate named taxon for each.
MATERIALS AND METHODS
General. Unless otherwise stated, cultures were in prereduced media prepared as described previously (2) and kept anaerobic by flushing the tubes with oxygen-free carbon dioxide during inoculation.
Strains. The strains were from cultures of the supragingival or subgingival flora of periodontally healthy people or people who participated in experimental gingivitis studies (12, 13) or from affected sites in people with periodontitis (10, 11, 14) (Tables 1 through 4 ). The strains were isolated either in supplemented brain heart infusion agar (13) or from anaerobically incubated blood agar plates of the same medium with serum replaced with 5% (vol/vol) rabbit blood.
Tests. Fermentation, enzymatic, and antimicrobial susceptibility tests in prereduced media and polyacrylamide gel electrophoresis (PAGE) were performed as described previously (2, 9) . RapID-ANA panels, inoculation fluid, and reagents were a gift from Innovative Diagnostics Systems, Inc., Atlanta, Ga., and the tests were performed as recommended by the manufacturer. API-ZYM panels were from Analytab Products, Plainview, N.Y., and were used as recommended by the manufacturer. Cultures for inoculum were grown on supplemented brain heart infusion blood (rabbit; 5% [voVvol] ) agar plates in anaerobe jars with a gaseous atmosphere of 80% nitrogen-10% carbon dioxide-10% hydrogen.
Cellular components were determined with 5 to 10 ml of culture in peptone-yeast extract-glucose (PYG) broth (2) incubated for 24 to 48 h. Cultures were centrifuged, and packed cells were lysed and saponified with 1.0 ml of a sodium hydroxide-methanol solution (NaOH, 45 g; methanol, 150 ml; deionized distilled water, 150 ml) by heating in a boiling water bath for 30 min. Saponified cellular lipids * Corresponding author.
were methylated with 2 ml of a methanol-HC1 solution (methanol [275 ml] in 6 N hydrochloric acid) for 10 min in an 80°C water bath, and the fatty acids were extracted with 1.25 ml of hexane-ether solution (200 ml of hexane [high-pressure liquid chromatography grade], 200 ml of anhydrous certified ethyl ether) by mixing at room temperature for 10 min. The aqueous phase was discarded, and the extract was washed with 3.0 ml of aqueous sodium hydroxide (10.8 g of NaOH in 900 ml of deionized distilled water) by mixing for 5 min; tubes were centrifuged briefly (ca. 3 min) to resolve any emulsion that may have formed. One microliter of the upper solvent phase was chromatographed on a fused-silica capillary column (0.2 by 25 mm) with a liquid phase consisting of 5% phenylmethyl silicone in a gas chromatograph (model HP-5890A; Hewlett-Packard Co., Avondale, Pa.) equipped with a flame ionization detector and an HP-3392A integrator. Gas flow rates were ca. 400 ml/min for air, 30 ml/min for hydrogen, and 30 ml/min for nitrogen. Temperatures were 250°C for the injection port and 300°C for the detector. After injection, the oven temperature was increased from 170 to 270°C at 5"C/min and then from 270 to 310°C at 3O0C/min, held at 310°C for 2 min, and then returned tQ 170°C before the next sample was injected. A standard containing known fatty acids (C9 through C20 straight-chain acids and Clo,o20H, Clo,o30H, C14,020H, C14:030H, arld C16,$0H) was chromatographed at the beginning of each day on which samples were run and after each set of 10 samples was chromatographed. Identification of peaks (by retention time), area, aredheight ratio, equivalent chain length, total area, and total area of named compounds were determined by the MIS software package (Hewlett-Packard), which also calculates the percent area for each named compound compared with the total area of named compounds.
DNA isolation and hybridization. The methods for deoxyribonucleic acid (DNA) hybridization studies have been described in detail previously (4). The strains were grown in a medium containing mineral salts, 1% pepticase, 0.5% yeast extract, 1% dehydrated brain heart infusion broth (Difco Laboratories, Detroit, Mich.), 1% glucose, 0.03% cysteine, 0.03% sodium formaldehyde sulfoxalate, 0.01% heme, and 0.05 M potassium phosphate buffer (pH 7.0). At the time of inoculation, 10 ml of 10% sterile NaHC03 and 10 ml of inoculum were added to each liter of medium. The inoculated flasks were incubated at 37°C with gentle shaking until maximum growth occurred (about 2 days). ' DNA homology with S. artemidis ATCC 43528T and E6E-14A was 14 to 26%.
DNA homology with S. sputigena ATCC 3 5 M T was 3 to 4%. High-molecular-weight DNA was isolated by the method of Marmur (8) . Other DNA preparations were isolated by an hydroxyapatite procedure (3). Thermal melting points were used to determine the guanine-plus-cytosine (G + C) contents of the DNA preparations. For the hybridization studies, the DNA preparations were fragmented by passing each one three times through a French pressure cell at 16,000 lb/in2.
The sheared DNA preparations were denatured by heating them in a boiling water bath for 5 min and, after being cooled in ice water, they were centrifuged at 12,000 x g for 15 min. The concentration of each preparation was adjusted to 0.4 mg/ml. The preparations were stored at -20°C. Labeled DNA was prepared by iodination (15) . The specific activities of the labeled preparations ranged from 1 X lo6 to 2 X lo6 c p d p g . DNA homology values were determined by using the S1 nuclease procedure (3) . The reassociation vials each contained 10 pl of labeled DNA, 50 ~1 of unlabeled DNA, 25 ml of 5.28 M NaCl in 1 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) (pH 7.0), and 25 p1 of deionized formamide. The vials were incubated for 24 h at 60°C (25°C below the thermal melting point of native DNA in this buffer system) to a Cot value of 47 molhiter per s.
RESULTS AND DISCUSSION
The G+C contents of the DNAs of the strains were 56 to 58 mol% (Tables 1 through 4) , and the strains were motile gram-negative rods that produced major amounts of propionic acid. Members of three genera, Selenomonas (l), Pectinatus (7), and Centipeda (6), are anaerobic gramnegative rods that produce major amounts of propionic acid from fermentation of glucose. Because the G+C content of the DNA of the strains studied was 56 to 58 mol%, which is similar to the 57 mol% G+C content of the DNA of the type strain of Selenomonas sputigena (4,5) and different from the 40 mol% G + C content of the DNA of Pectinatus cerevisiiphilus (7), the sole species in the genus Pectinatus, and from the 51 to 54 mol% G + C content of the DNA of Centipedu periodontii (6) , the sole species in the genus Centipedu, the strains were considered to be new species of Selenomonas. In addition, the strains of the new species had flagella arranged in tufts on the concave side of the cell, typical of Selenomonas species and unlike the linear arrangement of flagella on the concave side of the cell found in Pectinatus species or the spiral arrangement around the cell found in Centipedu species.
For these new species, we propose the names Selenomonas noxia, Selenomonas flueggei, Selenomonas infelix, Selenomonas dianae, and Selenomonas artemidis. Descriptions of these species are given below. Additional phenotypic characteristics of the species are given in Tables 5 and  6 . Major cellular fatty acids of the five new species and of S . sputigenu included C14:o (12 to 36%) and C13:o (7 to 18%) fatty acid methyl esters (FAME). All but S . noxia also contained a major amount (10 to 16%) of C~S :~ FAME. In addition, about 10% of the cellular fatty acids of S. sputigena were C~I :~ FAME. Of the cellular fatty acids of strains of S . infelix and S . dianae, 7 to 13% had a retention time of 14.762 ( Table 5 ) and could have represented one or more compounds that are difficult to resolve: C15:2 FAME, ClSz1 cis-7 FAME, or one or two unknown compounds that have not been identified. Because we have not used comparable methods to analyze many strains of species in other genera, the information regarding the cellular fatty acids is descriptive and not differential.
Strains of S . noxia generally were negative for the characteristics given in Table 6 . The other species fermented a variety of carbohydrates and can be differentiated by the characteristics given in Table 7 . Neither the API-ZYM nor the RapID-ANA results provided clear differentiation among the fermentative species.
PAGE patterns for the strains are shown in Fig. 1 through  4 . Although there were minor differences among strains within a species, the overall differences between species were distinct and agreed well with the DNA homology data, as is true for species in other genera.
Selenomonas noxia sp. nov. (no'xia. L. fem. adj. noxia harmful [referring to its presence in periodontitis)). This species is composed of obligately anaerobic, motile, nonsporeforming, gram-negative rods. Cells are curved, crescent shaped, and 1.1 pm in diameter by 1.1 to 3.2 pm long. With Leifson flagellum stain (2), cells appear to have DNA homology with S. noxia D5A-4 was 15 to 33% for the four strains of S. dianae and 18 to 20% for the five strains of S. artemidis. DNA homology with S. Jlueggei E4T-28 and D65C-23A was 17 to 31% and 15 to 28%, respectively, for the four strains of S. dianae and 15 to 16% and 13 to DNA homology with S. infefix D33B-14 was 34 to 55% for the four strains of S. dianae and 17 to 22% for the five strains of S. artemidis. l7%, respectively, for the five strains of S. artemidis.
one or more central-to-polar flagella arising from the concave side.
On rabbit blood agar plates incubated anaerobically for 48 h, colonies are minute to 0.5 mm, circular, entire, low convex to flat, transparent, smooth, shiny, and colorless to yellowish. Strains produce only slight turbidity in peptoneyeast extract (PY) broth. PYG broth cultures have abundant Wowth and are turbid with a smooth sediment.
The optimum temperature for growth is 30 to 37°C. There is moderate growth at 45°C and no growth or only very slight growth at 25°C. Growth often is more abundant in PY broth containing fructose, glucose, mannose, sorbitol, sorbose, or fumarate and sometimes in broth containing sucrose than in PY broth alone, but the pH of these cultures usually is equal to the pH of cultures in PY broth alone. No ammonia is detected in PY, PYG, or chopped meat cultures.
Neutral red is reduced. In glucose agar deep cultures, resazurin is not reduced and little or no gas is detected.
All strains are susceptible to chloramphenicol (12 pg/ml), clindamycin (1.6 pg/ml) , erythromycin (3 pg/ml), penicillin (3 (2 Ulml), and tetracycline (6 pg/ml). Fermentation acids of the type strain, in milliequivalents per 100 ml of culture, are 1.0 of acetic and 1.1 of propionic from PYG cultures; 0.03 of acetic, 0.1 of propionic, and 0.1 of lactic from PY broth cultures; and 1.9 of acetic and 2.3 of propionic from PYG-fumarate cultures. Pyruvate and lactate are not used; threonine is not converted to propionate. Trace-to-moderate amounts of hydrogen usually are detected in the headspace gas of PYG cultures; abundant hydrogen is detected from some cultures.
The PAGE protein patterns are shown in Fig. 1 . The cellular components are given in Table 5 . Other characteristics of the species are given in Table 6 .
The G+C content of the DNA of the type strain is 57 mol%. The G + C contents of the DNAs of the 12 other strains tested are 56 to 58 mol%.
The type strain is ATCC 43541, isolated from the gingival crevice of an affected site in a person with rapidly progressive periodontitis (14) .
This species is isolated from the gingival crevice of per- On rabbit blood agar plates incubated anaerobically for 48 h, discrete colonies are 0.5 to 1.0 mm in diameter, circular, entire to spreading, opaque, white, shiny, and smooth. Sometimes growth is as a spreading film over the entire plate. Strains produce moderate turbidity in PY broth and abundant growth with clear broth and a smooth sediment in PYG broth cultures.
The optimum temperature for growth is 37 to 45°C; strains grow well at 30°C but poorly, if at all, at 25°C. Neutral red is not reduced. In PYG agar deep cultures, resazurin is reduced and moderate amounts of gas are produced. A moderate amount of ammonia is detected in chopped meat broth cultures, but none is produced in PY or PYG cultures.
All strains are susceptible to chloramphenicol (12 pg/ml), clindamycin (1.6 p,g/ml), erythromycin (3 kg/ml), penicillin G (2 U/ml), and tetracycline (6 pg/ml).
Fermentation acids of the type strain, in milliequivalents per 100 ml of culture, are 2.0 of acetic and 3.5 of propionic in PYG cultures; 0.3 of acetic, 0.5 of propionic, and 0.37 of lactic in PY cultures; 3.6 of acetic, 2.0 of propionic, and 1.1 of lactic in PY-pyruvate cultures; and 4.8 of acetic and 4.7 of propionic in PYG-fumarate cultures. Lactate is not used, and threonine is not converted to propionate. No hydrogen, or only a trace amount, is detected in the headspace gas of PYG cultures.
The PAGE protein patterns are shown in Fig. 2 . Cellular components of the species are given in Table 5 . Other characteristics of the species are given in Table 6 .
The G+C content of the DNA of the type strain is 56 Cg,o FAME Clo:o FAME Cll:o FAME C12:o FAME C13:o FAME Unsep. ECL a FAME, Fatty acid methyl ester; DMA, dimethyl acetal; ECL, equivalent chain length; NHC, normal hydrocarbon; UN, unknown; unsep. ECL 13.455, CI2 030H FAME and C,, DMA not resolved; UnseP. ECL 14.792, unidentified peak at 14.762, CIS FAME, and Clr cis-7 not resolved; unsep. ECL 15.487, CIS DMA and CI4 *30H FAME not resolved; unsep. ECL 16.238, CIS anteiso-30H-FAME and c 1 6 1 cis-7-DMA not resolved; unsep. ECL 16.762, Cl7 FAME and CI7 cis-8-FAME not resolved; unsep. ECL 16.791, C17 cis-9-FAME and C17 FAME not resolved. 
i2-i4).
Leifson flagellum stain (2), cells appear to have one or more central-to-polar flagella arising from the concave side.
On rabbit blood agar plates incubated anaerobically for 48 li, colonies are 0.5 to 1.0 mm, circular, entire, pulvinate, translucent, shiny, smooth, and white. Sometimes growth is as a spreading film ovet the entire plate. Strains produce modei-ate turbidity in PY broth and have abundant growth that is turbid with a smooth sediment in PYG broth cultures.
The optimum temperature for growth is 37 to 45°C. Moderate growth occurs at 30°C; at 25°C there usually is no growth. Slight ammonia is detected in PY, PYG, and chopped meat cultures. Neutral red may be weakly reduced. In PYG agar deep cultures, resazurin is not reduced and moderate-to-large amounts of gas are produced.
All strains are susceptible to chloramphenicol (12 Fglml), clindamycin (1.6 pg/mlJ, erythromycin (3 pg/ml), penicillin G (2 U/ml), and tetracycline (6 pglml).
Fermentation acids of the type strain, in milliequivalents per 100 ml of culture, are 1.7 of acetic and 3.4 of propionic in ' From Lai et al. (6) .
Reactions determined by API-ZYM system (Analytab).
' Reactions determined by RapID-ANA system (Innovative Diagnostics). 3. Cellular components of the species are given in Table 5 . Other characteristics of the species are given in Table 6 .
The C+C content of the DNA of the type strain is 58 mol%. The G + C contents of the DNAs of the six other strains tested are 56 to 58 mol%.
The type strain is ATCC 43532, isolated from the gingival crevice of a person with moderate periodontitis (11) .
This species is isolated from the gingival crevice of people with gingivitis and periodontitis and has been referred to as D13E-06; 11, D27D-22.
